Abstract. The benefits of lowbush blueberry seedlings over clonally propagated plants, in terms of improved plant performance and low cost per plant, led to the establishment of a trial of 42 seedling families in 1990. The purpose of this trial was to identify hybrid seed that produces plants that are high yielding and of good fruit quality. Considering berry yield and quality, seedling families KBF-7, KBF-10, KBF-13, and KBF-42 were identified as top performers. All of these have 'Fundy' as one parent. KBF-7 is well suited to producing blueberries for marketing as high-quality fresh fruit. KBF-10 spreads well by rhizomes and may be suited as fill-in plants for bare areas in commercial lowbush blueberry fields.
The expansion of the highbush blueberry (principally Vaccinium corymbosum L.) industry worldwide is supported by several successful breeding programs that have created cultivars with improvements in fruit size and firmness while retaining a highly desirable fresh flavor. These cultivars are vegetatively propagated by hardwood or softwood cuttings or by micropropagation, all of which stably conserve the cultivar's genotype. In contrast, the extensive lowbush blueberry fields of Maine, Quebec, and the Atlantic Provinces of Canada are colonized by a diversity of genotypes, mostly V. angustifolium Aiton. These lowbush blueberry fields were developed from forest or old fields, which naturally contained blueberry plants. These plants spread by rhizomes to form colonies often several meters in diameter, but originally they would have arrived as seed dispersed in the droppings of birds or mammals . The genetic diversity within a field is readily visible by color variation observed when shoots are young, during flowering, and especially in the fall when the leaves are developing different shades of red. Heterogeneity can also be observed at harvest time, expressed as variability in berry yield, size, and color, which is related to the amount of waxy bloom on the fruit. This heterogeneity has been verified by molecular techniques (Burgher et al., 2002; Burgher-MacLellan and MacKenzie, 2004) .
The variability in fruit yield is especially important because unlike a uniformly highyielding highbush blueberry field made up of two or three genotypes, a lowbush blueberry field includes many low-yielding genotypes. Eaton (1954) examined the variability in yield in a lowbush blueberry field in New Brunswick over a 5-year period. Recording yield in rod-square plots (25 m 2 ), production averaged 1600 kgÁha -1 with a range of 40 to 12,000 kgÁha -1
. Eaton (1954) stated that this extreme lack of uniformity could be explained by plant genetics, soil characteristics, and weed prevalence. The genetic component of variability in yield was measured by Hepler and Yarborough (1991) by examining the fruit yield of 100 randomly selected lowbush blueberry clones, which were transplanted into more uniform soil and then watered, fertilized, and weeded. Yields were normally distributed with a range of 400 to 17,000 kgÁha -1 with a mean of 7726 kgÁha -1 . A field-scale yield of 4000 kgÁha -1 , a figure well below the potential of a high-yielding genotype, would be considered very good by commercial growers. The idea, therefore, of selecting the most productive genotypes, propagating them, and establishing highly productive fields or improving nonproductive fields is meritorious (Brierley and Kenety, 1920; Johnston, 1935; Kender, 1965) .
Blueberry plants spread slowly. Fields in production for 50 years or more may have nearly 100% cover, but young fields may have less than 50% (Smagula and Yarborough, 1990) . Filling in those bare spots with improved genotypes is one way to improve productivity. Efforts to domesticate the lowbush blueberry through clonal selection and breeding have resulted in the introduction of several cultivars between 1975 and 1987 (Hall et al., 1988) . Although these cultivars have been useful for physiological research, and a few fresh market plantings have been established, they have never been accepted as a method of expanding existing commercial blueberry fields (Wood, 2004) . One reason for this is that plants propagated by cuttings tend to produce few rhizomes unless careful attention is paid to initial plant quality, fertility, and water requirements (Kender, 1966 (Kender, , 1967 Smagula and Yarborough, 1990) . In contrast, plants grown from seeds produce rhizomes more freely (Aalders et al., 1972; Kender, 1967) , but variation in fruit characteristics is problematic and fruit yields are often 50% lower than those of the parental clones Jamieson and Nickerson, 2003) . Hall (1983) reported that seedlings from controlled crosses between the better genotypes produced an average yield of 7.4 tÁha -1 and berry weight of 580 mg compared with 4.4 tÁha -1 and 380 mg for open-pollinated seedlings from wild unselected blueberries. The potential advantages of a seed-propagated family-lower cost planting stock, more rapid plant establishment, and the ability to store seed and germinate when required-have stimulated this research to identify a hybrid population combining high fruit quality and productivity with a natural tendency to produce rhizomes.
Materials and Methods
Selection of parents. The breeding program begun in 1961 (Hall, 1983) continued into the 1980s with many genotypes being selected and established in performance trials. These trials provided data on fruit size and yield. Observations were also made on fruit color (density of the waxy bloom), firmness, flavor, and season of harvest. These phenotypic characteristics were used to select the parents used in this study (Table 1) . Genotype 451 was included because it was shown by Aalders and Hall (1975) to produce high-yielding seedlings when crossed with 'Augusta'. In addition, breeding records were examined to identify which genotypes tended to be better parents, i.e., those parents most often present in the pedigrees of advanced selections or those that gave rise to more selections.
Crossing. Parental plants were dug from field plots after leaf fall, potted, and placed in cold storage at 2°C in Nov. 1988. They were moved into a heated greenhouse in Feb. 1989 to promote flowering. Crosses were made on unemasculated flowers because V. angustifolium is largely self-sterile and it is unlikely that emasculation would be economical in a commercial seed production scheme. Seeds were extracted from fruit in Spring 1989, germinated, and grown in the greenhouse and subsequently in a coldframe to prepare them for cold storage over Winter 1990. Plants were established in a field plot in Spring 1990 at Sheffield Mills, Kings County, Nova Scotia, Canada in a sandy loam soil of the Somerset series, an orthic humo-ferric podsol, with 2.7% organic matter and pH 5.4.
Plot design. Plants of 42 crosses [Kentville Blueberry Families (KBFs)] were arranged in a randomized complete block design with six blocks, 252 plots in total. In each block, a cross was represented by an eight-plant row, its position randomized within the block, which contained six columns and seven rows. Plants were set at 50-cm spacings in row with 125 cm between rows. Plots were harvested with blueberry rakes supplemented with hand picking. The first harvest was in 1992 followed by burn-pruning in early Spring 1993. Similarly, all plots were harvested in 1994, pruned in 1995, mulched with aged hardwood chips, and harvested in 1996. One half of the plots (blocks 4, 5, and 6) were pruned in Spring 1997 and harvested in 1998. Blocks 1, 2, and 3 were harvested in 1997 (a second successive crop), pruned in 1998, and harvested in 1999. Blocks 4, 5, and 6 were pruned in 1999 and harvested in 2000. In 1999 and 2000, only plots of the better families were harvested. In 1995 and subsequent years, pruning was by mowing rather than by burning. In 1994, the plots were evaluated for uniformity by counting the number of plants that were atypical of the family and a rating was done on the degree of spreading (rhizome production). At the 1994 harvest, berries were scored 1 to 5 (best) for their waxy bloom (a high score indicates a lighter blue color), overall appearance of a tray of harvested fruit, firmness, and flavor. Firmness was rated by manually squeezing several berries individually until splitting and comparing with 'Fundy', which is considered firmness rating Payne, 2000) .
Results and Discussion
The mean yield for all 42 KBFs increased from 1193 g/plot in 1992 to 3120 g in 1998 (Table 2 ). The yield in 1996 was not greater than the previous crop, which may have resulted from the mulch application. Other major variables that affect lowbush blueberry yield include abundance of pollinating insects during flowering and moisture availability during fruit maturation (Yarborough, 2004) . The yield in 1997 was low because it was a second consecutive crop, which has been shown to be %70% of a first crop in unselected managed fields (Jordan and Eaton, 1995) . The highest yield was recorded in 1998 for KBF 7 at 5577 g/plot (11 tÁha -1 ). This exceeds yields from commercial lowbush blueberry fields. The cross between Augusta and 451, which was highly productive in the study by Aalders and Hall (1975) , was consistently below average in this trial, which indicates that genetic gains have been made in yield. Among all 42 KBFs, the weight of 50 berries varied from 20.1 to 33.4 g (403 to 668 mg per berry; Table  3 ); larger than lowbush blueberries from commercial fields, which are often 200 to 400 mg (Hall, 1983; Jordan and Eaton, 1995) . This demonstrates that selection for large berry size, a primary selection criterion, has been effective. The degree of rhizome formation and, therefore, the spreading to fill the available land area, differed greatly among the KBFs as measured by the plot-fill rating (0 to 4) in the fifth growing season. KBFs producing fewer rhizomes (mean score less than 2) included KBF 14, 16, 19, 31, 32, and 35 . The parents of these included tall, branched genotypes such as 'Brunswick', 73-9, and 73-22. Faster spreading KBFs (mean score greater than 3) included . These had either 416 or 79-12 as one parent, indicating that these genotypes, chosen as parents for their ability to produce rhizomes, passed on this ability to many of their seedlings. The highest score was 3.8 recorded for 79-12 · 416.
The number of plants in an eight-plant plot that was markedly different from the norm was recorded in the fifth growing season. The overall mean was two atypical plants per plot and the range was 1.2 for KBF 2 to 2.7 for KBF 32 and 35. Variation among genotypes in this variate was not considered significant (data not shown). Generally, the atypical plants showed reduced vigor and yield.
Based on yields and fruit quality characteristics in the 1992 to 1998 harvests, KBF-7, -10, -13, and -42 were chosen for continued evaluation (Table 4) . Over six harvest seasons, the large-fruited KBF-7 averaged 570 mg per berry and the medium-sized KBF 10 averaged 460 mg (Table 4) . Each of the four families has 'Fundy' as one parent, contributing firm, attractive, light blue fruit. The highest ratings for berry bloom and firmness were for KBF-42; however, its yield was not exceptional (Table 4) . KBF-13 was productive and large-fruited; however, the harvested crop often contained many green, unripe berries. KBF-10 is the seedling family producing fruit of a size and appearance most similar to commercial lowbush blueberries. It produces numerous rhizomes in early years and may be suited to planting into bare spots in commercial fields. KBF-7, which has been named 'Novablue' (Clark and Finn, 2006) , combines high yield, large fruit, and favor- Mean of 1992 Mean of , 1994 Mean of , 1996 Mean of , 1998 from analysis of variance taking block and year effects into consideration. The statistical analysis (F propability, least significant difference, and grand mean) for these characteristics is based on all 42 KBFs. y The number of plants in a plot of eight plants, which were clearly different from the family phenotype.
x A rating of the amount of plant spreading by rhizome production on a scale of 0 = plants dead to 4 = excellent spreading. w A rating of the waxy bloom, overall appearance of a tray of harvested fruit, firmness, and flavor on a scale of 1 = worst to 5 = best. able fruit characteristics (Table 4) and is considered the best suited to production for fresh berry sales.
Conclusions
The program to genetically improve the lowbush blueberry began at AAFC-Kentville in the 1960s by Ivan Hall and Lewis Aalders with the able assistance of Avard Brydon and led to the introduction of six clonally propagated cultivars, culminating in 'Fundy' (Hall et al., 1988) . Although these cultivars were capable of producing high yields of large berries, interest remained in growing seedlings, although seedlings from open pollination are low-yielding (Hall, 1983) because seedlings are easier to establish in the field and plants should be less expensive. The two proposed uses of lowbush blueberry plants are for filling in bare spots in existing fields and for establishing new fields principally for fresh-market berries. KBF-10 is recommended for the former purpose and KBF-7 for the latter. The completion of this study brings the lowbush blueberry genetic enhancement research at AAFC-Kentville to a close.
